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Behaviour of Reflected Pulses along Cables 


Sine waves and pulses have similar propaga- 
tion and reflection behaviour along cables. 
The phenomenon of total reflection and of 
matching of pulses is perhaps better under- 
stood by using the mechanical analog of per- 
turbations along a length of rope. Also, the 
calculation of reflection coefficient with 
ohmic loads, is easier to explain with pulses 
than with sine-wave energy. The electrical 
process at relatively low frequencies and long 
propagation times is demonstrated more 
simply with a sufficiently long cable. 


1. 

TOTAL REFLECTION AND 
MATCHING USING A MECHANICAL 
MODEL 


A mechanical impulse is caused on a length of 
rope by the means shown in fig. 1, where the 
hammer may be regarded as a pulse generator. 
The pulse travels, from left to rigth, down the line 
until its end, What happens then is determined by 
three cases: 


a) The rope is tied to an immovable object 
(fig. 1 a): 


The pulse will be reflected at the rope's end with 
the same amplitude but at the opposite polarity to 
that of the incident wave. The end is anchored to 
an immovable object; therefore, no energy can be 
imparted and the incident energy is reflected in its 
entirety. The polarity change is brought about be- 
cause the incident and reflected waves simply 
cannot exist together at the same time because 
the rope's end is tied to an immovable object. 


b) The end of the rope is tree (fig. 1 b): 


The end of the rope is free inasmuch that it is held 
in position by a very much thinner length of cotton, 
which allows the rope's end to move when sub- 
jected to a mechanical stimulus. The perturbation 
travels down the rope, and again, is reflected in its 
entirety but as the end of the rope is free to as- 
sume any position, the reflected wave has the 
same polarity as the incident wave. The wave is 
totally reflected as in the first case but if a high- 
speed photograph was taken at the moment the 
incident pulse reached the end of the rope, it 
would show that the end flies up to a position 
which is twice that of the amplitude of the incident 
pulse. This indicates that at this instant the total 
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amplitude consists of the sum of both the incident 
and the reflected pulses as they overlap. 


c) The rope is fastened in a medium (fig. 1 c): 

The medium is considered to be so pliabie that all 
the energy in the pulse is dissipated as heat. In 
this case, no energy can be reflected at all. The 
same effect would occur if the rope were infinately 
long. The impulse would travel on and on until it 
lost all its energy in frictional heat. Reflected wa- 
ves cannot occur. In the electrical analogy itis cal- 
led a “matched" condition. 
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Fig. 1: 

Propagation of pulses 
along a rope, 

a) fixed end, 

b) loose end 

c) Rope infinately long 


2. 
TOTAL REFLECTION AND 
MATCHING USING CABLES 


The mechanical analogy will now be dispensed 
with by using a cable instead of a rope and an 
electrical square wave generator instead of a 
hammer. This may be seen in the series repre- 
sented in fig. 2. The “fixed end“ here is shown in 
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Fig. 2: 

Propagation of pulses 

= along a lossless conductor 

a) short-circuited 

b) open-circuited 

c) matched 

d) equivalent circuit of a 
conductor 


matched 


VHF-COMMUNICATIONS 4/85 & 


fig. 2 a and is represented by a short-circuited 
cable-end. At a short-circuit, no voltage exists 
across it (voltage node). This has the effect that 
the incident pulse develops a voltage which is of 
the same amplitude but of opposite phase. Since 
it is at the end of the line, the pulse has no option 
but to travel, with reversed phase, back down the 
line from whence it came. The returning wave 
transports, a practically reactive power, back into 
the generator. If the generator is not matched to 
the cable, the pulse will be reflected again. this 
time by the generator’s internal impedance. 


Fig. 2 b shows the case of the “loose* or 
“open-ended” line. Ignoring the possibility of ra- 
diation from the cable end, it may be seen that no 
energy can be dissipated in an open-circuit. Atthe 
open end of the cable the pulse can develop until 
it has the same amplitude and phase as the inci- 
dent pulse. At the moment of encountering the 
open-circuit the instantaneous voltages rise to 
double that of the incident pulse alone. This can 
easily be seen with the aid of an oscilloscope. 
This doubled voltage corresponds to that of the 
generator when open-circuited. Along the line, 
each individual input has an amplitude of half that 
of the generator open-circuit voltage (assuming 
that the generalor output resistance R, is the 
same as the characteristic impedance Z, of the 
cable). 


The “matched case“ is shown in fig. 2c, which 
means in this, the electrical analogy, that at the 
end of the line the pulse finds the same conditions 
of voltage and current as was encountered along 
the whole length of the line. The relationship be- 
tween voltage and current on the line is determi- 
ned by its inductance and capacitance and is of 
the form VLC. This is also an expression for the 
characteristic impedance of the cable Z., and ifitis 
equal in value to the load resistor Z, = \yL/C = 
R, then all the power in the pulse will be dissipa- 
ted in this load termination at the end of the cable. 
This is analogous to the mechanical case of the 
infinately long rope. The electrical energy of the 
travelling pulse would eventually disappear in 
heating the small, but ubiquitous, copper and di- 
electric loss resistances along the line. 


In Figs. 2a and 2b the hatched areas at the cable 
end show how the reflected impulse development 


may be imagined. The incident pulse just cannot 
grow out of the end of the cable. The projecting 
piece x can be regarded as folding back upon it- 
self in the open-circuited case and also in the 
short-circuited case but this time with an inverted 
polarity. The superimposition of incident and re- 
turn impulses, is however, not shown in fig, 2. This 
voltage doubling be observed on an oscilloscope 
by monitoring a point along the line where a re- 
flected pulse meets the next incident pulse in the 
pulse train sequence. 


2.1. Partial Reflection 


it ts plausible that between the extremes of short- 
circuit and open-circuit there will be a case of par- 
lial reflection. |1 al a point along the line there is a 
discontinuity causing a reflection, the point is 
known as a “line fault". Only a fraction will con- 
tinue down the line and another fraction is re- 
turned to the generalor. The same sori of thing 
occurs when the line is terminated by a load re- 
sistance. The load resistance dissipates part of 
the energy as heat and reflects the rest back to 
wards the generator, the amplitude being smaller 
than that of tolal reflection. This condition is 
known as a “mismatch”. The mismatch can tend 
towards being a short-circuit or il can tend to- 
wards being an open-circuit according lo whether 
the termination is less than Z, or greater than Z,, 
respectively. The relationship between the ampli- 
tude of the return pulse to that of the incident 
pulse is known as the “reflection coefficient’ 
(fig. 3). 


2.2. Example 


A pulse generator, internal impedance R. = 50 {), 
has an unterminated output voltage V,, = 20 V. A 
resistive load of 75 {vis connected toil via a length 
of “lossless* cable having a characteristic impo- 
dance of 50 ©. What is the magnitude of the inci- 
dent voltage Vrwo and of the return voltage 
Voack? 


Solution: 
Since the generator, at first, does not “know” yet 
the terminating resistor at the end of the cable, the 
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Fig, 3: Partial reflection 
a) tending to open-circuit 
b) tending to short-circuit 
Magnitude of reflection factor 
r= Vere i Vewo 


incident pulse amplitude is determined by the pro- 
portional impedance existing between the gene- 
rator and the cable. The generator “sees” the 
cable impedance (but not the load impedance). 


Since R = Z, then the voltage splits equally 
across these impedances (i. €. Vewn = Vo / 2 
10 V). A current pulse i-wo is also associated with 
the incident wave which has an amplitude Vey / 
Z, = 10 V/50 2 = 0.2 A. Owing to the mismatch 
at the cable-end, the forward pulse is partially re- 
flected and a voltage Veacx is formed together 
with a current igack = Vaacx / Z;. What their 
magnitude and sign is. depends upon the mis- 
match. For this particular case, tending towards 
open-circuit termination (R, > Z,), the forward 
and return pulses have the same polarity voltage 
and they add Vrwo + Vaacx across the load resis- 
tor. The forward and return currents, however, 
have opposite polarities (high R, therefore small 
load current) and the total composite current 
through the load is: 


\ = Veack (Vewn f Zo - Visack / Zo) 


The resultant Inack forms so that ohm's law is ful- 
filled at the load. 


Texck = Vewo + Veack = (Vewn/ Zo - Vaacx / Zp) Ri 


|. @. the total voltage at the cable end = the total 
current times the load resistance. 
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After putting in figures, a simple equation re- 
mains, which will give the unknown, namely Vaacx 


(10 V + Vaacx) = (10V/502- Veack/509):752 
re-arranging: 
Veacx = 10 V (752 - 50M) /(75 9 +500) =2V 


2.3. Reflection Coefficient 


The fraction in the above example gives the factor 
which, when multiplied by the incident voltage, 
results in the amplitude of the return voltage. This 
factor is known as the reflection coefficient r. In 
general, the formula in terms of an ohmic load: 


Reflection coefficient r = (R, - Z,)/ (Ry + Z.). 


Referring to fig. 2c R_ = Z, and therefore the re- 
flection coefficient r = 0. (no reflection). In fig. 2b, 
R, = « thereforer 1 (total reflection). The situa- 
tion depicted in fig. 2 a results also in total reflec- 
tion but R, = 0, thereforer = —1. The sign change 
indicates that although forward and return volta- 
ges posses equal amplitudes, i. e. total reflection, 
the polarity of the return pulse is negative compa- 
red with that of the incident pulse. (see also fig. 
1 a). 


Fig. 3 shows the case of partial reflection, fig. 3a 
shows that tending to infinate resistance, and fig. 
3 b shows that tending to zero resistance 


Example: 
In fig. 3, Vewn = 2.5 V. The 50 £2 cable is termina- 
ted with 75 £1). What is the amplitude of the reflec- 
ted pulse? 


Solution: 
r= (75 0-501))/(75 0 + 500) = 0.2. 


therefore, 
Veacx =25Vx02=05V. 


Note: 

When the line losses are finite, quite large errors 
can be introduced by the cable attenuation. The 
return pulse arriving back at the generator has 
been attenuated twice, once on the incident jour- 
ney and then on the return journey. 

Example: 

The complete cable has an attenuation of 1.5 dB. 
The forward has an amplitude of 2.5 V. The cable 
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has acharacteristic impedance of 50 2 and is ter- 
minated with a load resistor of 75 ©. With what 
amplitude does the reflected pulse arrive back at 
the generator? 


Solution: 
The incident pulse appears at the cable end at- 
tenuated by 


1.5dBi.e. 4 1.19, 
Vewp tterm.) =25V/119=2.1V 


as a consequence of the mismatch 
r= (750-500)! (750 + 500) =0.2 
and the magnitude of the return voltage is: 
Veack tem) = 2.1 Vx 0.2 = 0.42V 
Upon the return journey this voltage experiences 
a further attenuation of 1.5 dB 
042V/119 =0.35V 


This means that, because of the attenuation the 
reflection coefficientr = 0.35 V/2.5V=0.14i.e. 
14 % instead of 20 % neglecting attenuation. 


Vaack igen.) 


3. 
MEASURING WITH PULSES 


From the reciprocal of c = 300 x 10° m/s (the 
speed of light through space) the time per metre is 
obtained, When the velocity through the cable is 
considered, it is reduced by a factor dependent 
upon the physical characteristics of the cable. 
Most coaxial cables have a velocity factor of 0.66 
which means that the signal requires some 1.5 ns 
longer to traverse one metre of cable than it would 
through one metre of space. Short cables used for 
pulse measurement require therefore, pulses 
with rise-times of only a few nano-seconds and an 
oscilloscope with a bandwidth of a few tens of 
MHz. In order to reduce the requirements upon 
the test equipment, it is better to use a longer 
cable of length say, from 50 to 100 m. By this 
practice, the pulses may be clearly displayed 
using a generator with a rise-time of 0.1 to 0.5 us 
and an oscilloscope of only a few MHz bandwidth. 


Colour ATV-Transmissions are no problem 


for our new ATV-7011 


The ATV-7011 is a professional quality ATV trans- 
mitter for the 70 cm band. It is only necessary to 
connect a camera (monochrome or colour), antenna 
and microphone. Can be operated from 220 V AC or 
12 V DC. The standard unit operates according to 
CCIR, bul other standards are available on request. 


The ATV-7011 ‘s a further development of our reli- 
able ATV-7010 with better specifications, newer de- 
sign, and smaller dimensions. It uses a new system 
of video-sound combination and modulation, It is 
also suitable for mobile operation from 12 V DC or 
for fixed operation on 220 V AC. 

PICO sicsvascttnsugstaacvsnenusasbacvonseakccorsposin DM 2750.00 


The ATV-7011 is also available for broadcasting use 
detween 470 MHz and 500 MHz, and a number of 
such units are in continuous operation in Africa. 


UK “iberichte terry d. Bittan - Jahnstr. 14 - Postfach 80 - D-8523 Baiersdort 


Specifications: 

Frequencies, crystal-controlled: 

Video 434.25 MHz, Sound 439.75 MHz 
IM-products (3rd order): better than — 30 dB 
Suppression of osc.freq. and image: 

better than — 55 dB 

Power-output, unmodulated: typ. 10 W 
Delivery: ex. stock to 8 weeks (standard model) 


Tel. West Germany 9133-855. For Representatives see cover page 2 
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